The blood-air barrier in the lung consists of the alveolar epithelium, the underlying capillary endothelium, their basement membranes and the interstitial space between the cell layers. Little is known about the interactions between the alveolar and the blood compartment. The aim of the present study was to gain first insights into the possible interplay between these two neighboured cell layers. We established an in 
Original publication in: Neuhaus et al., Differentiation 84 (2012) 294-304.; http://dx.doi. org/10.1016/j.diff.2012.08.006 -7 -tissue flasks and sterile-filtered before usage. The terms ST1, ST1-cond., D3 and D3-cond. are used in the text for fresh or conditioned (cond.) growth medium of the corresponding cells (ST1=HPMEC-ST1.6R, D3=hCMEC/D3). H441 cells were used between passages 56-76, HPMEC-ST1.6R between passages 30-37 and hCMEC/D3
between passages 17-34.
Transwell model experiments
For Transwell insert experiments H441 cells were seeded at a cell density of 23,000 cells/cm 2 onto collagen-I (0.01%, C7661, Sigma) coated 6-well inserts (353090, BD, Heidelberg, Germany, pore size 0,4 µm, PVDF, transparent, apical volume 2 ml, basolateral volume 3 ml). Medium was renewed every 2-3 days. After five days of culture it was started to add dexamethasone (10, 100, 300 or 1000 nmol/l) to the apical side with every medium change in a ratio of 1:1000 of the appropriate ethanolic stock solution. In order to assess the development of the barrier properties the transepithelial electrical resistance (TEER) was determined using a WPI device with chopstick electrodes (World Presicion Instruments, Berlin, Germany) as previously published (Neuhaus et al., 2008) . In addition to the TEER measurement, transport studies with the paracellular marker fluorescein were undertaken. 10 µmol/l fluorescein was added in the apical compartment to begin the transport studies. 300 µl samples were taken after 15, 45, 105, 165 and 225 minutes from the basolateral side and were replaced after each sampling step with 300 µl fresh, prewarmed H441 medium to maintain the same hydrostatic pressure conditions during the entire transport experiment. Fluorescence of samples, stock solution and supernatants of the apical compartment after the end of the experiment (90 µl/well in a black 96-well plate from GreinerBioone) were measured with a Tecan GeniosPro (excitation Original publication in: Neuhaus et al., Differentiation 84 (2012) 294-304.; http://dx.doi.org/10.1016 /j.diff.2012 -8 -wavelength: 485 nm; emission wavelength: 535 nm). Calculation of the permeability coefficients was accomplished according the clearance principle as previously published (Neuhaus et al., 2008) and described in the supplementary file in detail. In order to ease the comparison between different experiments, the permeability coefficient values of the control experiments were set to 100% and the other results within the same experiment were normalized to the 100% of the control experiment.
mRNA analysis
mRNA analysis is described in the supplementary file in detail. In brief. mRNA of cells grown on Transwell inserts was isolated with a Nucleospin-RNAII Kit (Macherey Nagel, Düren, Germany) according to the manufacturer's instructions.
RNA concentrations were determined by means of a Nanodrop ND 2000 spectrophotometer (FisherScientific, Schwerte, Germany , where Ct is the threshold cycle value. For the qualitative proof of the presence of tight junctional proteins cDNA samples were amplified with a 2720 Thermal Cycler (Applied Biosystems) and amplification products were separated on a 2 % agarose gel in TAE-buffer with a peqGOLD 50 bp DNA-ladder (PEQLAB Biotechnologie GmbH, Erlangen, Germany) as marker at 90 V for half an hour. Bands were then visualised by UV-excited ethidium bromide using an ImageMaster VDS (Pharmacia Biotech).
Western blotting
Western blotting analysis is described in the supplementary file in detail. In brief,
H441 cells cultured on 6-well inserts were scraped in RIPA buffer on ice. Density values of the single tight junction protein bands were calculated with the software Alpha View and were related to the appropriate β-actin bands.
Immunofluorescence microscopy
Immunofluorescence microscopy was carried out as published recently (Neuhaus et al., 2008) and is described in the supplementary file in detail.
Data analysis
Data are presented as means±SD. The statistical significance between culture conditions was determined by a t-test utilizing SigmaStat3.5 software. In case of test failure on normality or equality of variance of the used data set, a Mann-Whitney Rank Sum Test was carried out. A probability value less than 0.05 was considered statistically significant.
Results

Dexamethasone influences tightness of the barrier in a concentration dependent manner
After five days of culture of H441 cells onto 6-well Transwell inserts, the surface was approximately 80% confluent and dexamethasone was added apically in different Original publication in: Neuhaus et al., Differentiation 84 (2012) with the low mRNA expression of claudin-5, only for claudin-5 it was not able to present a continuous tight junction network over the entire H441 cell layer.
Dexamethasone modulates expression of ATI markers caveolin-1 and RAGE as well as of ATII marker SP-B
One major aim was to generate a model consisting of cells expressing ATI as well as ATII markers in order to mimic both types of alveolar epithelial cells in one model.
Therefore, the expression of mRNA for the ATI markers, caveolin-1 and RAGE, as well as the ATII marker, SP-B, was examined in the presence and absence of dexamethasone by qPCR. For this, H441 cells were grown on Transwell inserts as before for the TEER-experiments and were lysed for mRNA analysis on days 7 and 15. ATI markers caveolin-1 and RAGE were regulated in a similar manner. As shown in figure 2A , mRNA expression of caveolin-1 as well as RAGE did not change significantly on day 7 after apical addition of 10 or 100 nmol/l dexamethasone on day 5, but was significantly decreased to 0.37-fold (caveolin-1, 10 nmol/l dexamethasone, p<0.05) or to 0.64-fold (RAGE, 10 nmol/l dexamethasone, p<0.05) on day 15 in comparison to the non-treated control of day 7. Interestingly, the treatment of H441 cells with 100 nmol/l dexamethasone revealed a statistically significant increase of caveolin-1 (p<0.05) and RAGE (p<0.05) mRNA expression compared to the 10
Original publication in: Neuhaus et al., Differentiation 84 (2012) with 100 nmol/l dexamethasone were generated. As shown in figure 2B , pictures demonstrate the presence of caveolin-1, RAGE and SP-B in H441 cells grown on
Transwell inserts for 15 days also on the protein level. Caveolin-1 was found at the cell boarders, whereas RAGE and SP-B were recognizable in the cytosol.
Soluble factors derived from lung endothelial cells enhance, but from brain endothelial cells decrease the tightness of the alveolar epithelial barrier
In order to study the effects of soluble factors derived from the lung endothelial cell line HPMEC-ST1.6R, H441 cells were seeded on the apical side of the Transwell inserts. In the apical compartment H441 cells were fed with H441 growth medium as before, whereas different growth media were added in the basolateral side during the entire cultivation. The effects of ST1-medium, conditioned ST1-medium, D3-medium medium derived from the human blood-brain barrier cell line hCMEC/D3 decreased TEER to 44.1 ± 9.7 %, which was significantly different from both H441 and fresh D3 medium (both p<0.01).
In order to support TEER data, additional permeability experiments with the paracellular marker fluorescein were carried out. Calculated permeability coefficients were between 0.22-3.35 µm/min. To facilitate data comparability, permeability coefficients obtained across cell layers grown in H441 medium in both compartments were set to 100 % and the others were related to them. Basolaterally added ST1 medium decreased fluorescein permeability to 85.3 ± 4.7 %, which was further decreased by conditioned ST1 medium to 61.1 ± 1.5 %. These differences were statistically significant (ST1 vs In order to confirm mRNA data and to include possible non-genomic effects on the tight junction molecules, the expression of the proteins was also analyzed by western blotting. The influence of growth media on the protein expression of claudin-1 and claudin-3 was similar to the effects onto the mRNA expression as well as on TEER.
However, only the differences of samples treated with conditioned D3-medium (claudin-1: 46.7 ± 0.05 %; claudin-3: 68.9 ± 0.06 %) exhibited a statistically significant reduction in comparison to the fresh D3 medium (claudin-1: 91.1 ± 0.08 %; claudin-3: 144 ± 29.9 %) as well as to the H441-medium (p<0.05, mean ± SD, n=3). In the case of claudin-4 no significant difference was detected on the protein Original publication in: Neuhaus et al., Differentiation 84 (2012) 
Discussion
The alveolar epithelial barrier function is involved in different pulmonary physiology processes, such as fluid homeostasis, defence mechanisms and gas exchange. Also in pulmonary disease the alveolar epithelial barrier has been shown to play a central role (Godfrey, 1997; Matthay, 1994) . (2007) , who analyzed the claudin expression patterns of rat lungs after chronic alcohol ingestion. Claudin-1 and -3 were reduced in lung tissue, whereas claudin-4 was unchanged. Also concordant to our results, they found no changes of claudin-5
mRNA, but reported changes of claudin-5 on the protein level. This confirmed our assumption that claudin-5 is regulated on the posttranscriptional level. Up-regulation of claudin-5 was reported in alveolar epithelial cell layers with increased tightness (Wang et al., 2003) . Since the basal expression of claudin-5 in our H441-cells is quite
Original publication in: Neuhaus et al., Differentiation 84 (2012) 294-304.; http://dx.doi.org/10.1016 /j.diff.2012 -21 -low in comparison to claudin-1,-3 and -4, a significant regulation of claudin-5 is maybe connected with a significant change in barrier functionality. In this context, we were able to observe a distinct up-regulation of the claudin-5 network of H441-layers fed basolaterally with fresh ST1-medium by immunofluorescence microscopy (see supplementary file, figure 1 ). With regard to the ATI and ATII markers, no direct correlation was found between changes of the barrier tightness and the expression of caveolin-1, RAGE or SP-B. Notably, caveolin-1 and SP-B were regulated in a similar manner, whereas RAGE expression decreased due to addition of conditioned endothelial medium independent from the tissue origin. These data showed that the two ATI markers caveolin-1 and RAGE reacted differently on the endothelial factors in our model suggesting differences in their usability as ATI markers. This was concordant to the classification of ATI markers by McElroy and Kaspar (2004) . They added caveolin-1 to the group of ATI selective proteins, but RAGE only to the ATI selective/associated markers, since mRNA of RAGE was also detected in ATII cells (McElroy and Kaspar, 2004) . -31 -normalized to data obtained from H441 cell layers grown in H441-medium which were set to 1 and are presented as means ± SD (n=3). Statistically significant differences are marked by * (p<0.05, t-test) in comparison to the according fresh medium ST1 or D3. 
